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1 

[f&£Jll ) I nGaNH^J I nGaNf^r^ 
m*\ GaNfcitXl nNtffilS^GaN/I nN 

ill- VBHt^*¥»*Sa. 

.hlfiG aN/In N£Jg|R#. 2*tfcLh?>G aN/InN 

[ 3 3 IW^B 1 * tt 2 tat^SftWift 1 1 1 

±£GaN/I nN^JiWi, ^WWlWfit*** 
±121 nGaNf-^*/PJl^)|filWFSafcHtt: 5 Sr-& 
iatC. GaNt I nN0)M&tt3j s &£.2iVZl*&Z.k 

[|fc£JK4 3 I nGaNH^S I nGaNft^ 
mi)K A 1 NiJitM nNfflljfcSilfcA 1 N/I nN 

[ If *JS 5 3 11^4 C£fta2ftn$I 1 1 vmit 
±MA 1 N/ I nN^I)6\ 2#fcULtf)A lN/InN 

[m$me 3 mim* tti& 5 ^m^mjmi 1 1 

hlQA 1 N/I nN^JMWi. fOfWI&f^ 
[19^7] I nGaNH^ I nGaNft^ 



[iffc#S8 3 I nGaNH^S I nGaNff^ 
AliGay I ni-i-yN(0^x^l,0<ySl) 

i m&9 3 mmszm&szwb&i 1 1 - vaafc 

_tE^-7^X>;r^^>-h«*\ L i , B e , N a , M 
g,K,Ca,Zn,S,Se,TetO^^<H 1 ^ 

cir^ i o 3 t^ras * fcu 9 timcos-n:**! i 
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A & C: £ t « I II - V BHfc£*¥ £tt 

[000 13 

[00023 

ET), »^SfifcKh7y^^(HEMT),t5±tfSE 
£>ii£. £^J;?&23c^7;yx*flJfl*4W*T 

MM^rti. GaAs^m^ffl^tti^GB^^n-r 

[0003]a*^GaAs^HFETtti, HRW 

feSet^idt:. I^GaAsijSiou 

JBifc, 7>H-rGaAsA>7rIl 02(K^ 

lGaAsX\-tll03(HI10nm,^Url 
SlX10 17 cm- 3 ) s ngAlGaAsHt^ilO 
4(ig20nm,^'JTiftglXl0 18 cm- 3 ), n 
iGaAs^t77 , 1105(JP10nm^t , J7« 
^3XlOi 8 cm- 3 )«^t^. 06 (C 

fcWC, 10 7(iy-h«. 108UV-X/KW 
ifc. 5 0 0ii2&7t^?#XT'*>& 0 

[00043 ifc. ft*. iJBGaAs^HFETtlJ 

ammzmmzLx^x. mimmi vanta*-* 

U£(*BB$ilFlIS5 1 92987). ^<OSft!ft^III- 

lot, -9"7r>f-\^^=Sr&lfe»tt««20 l_hfc. Jfl 

AlNfiia^^\'-/7r^202(IKm20nm) v 
G a N A y 7 r m 2 0 3 (M^2 M m , 'J TiRJ&8 X 
10 16 cm- J K AlGaNHf-l204(fiJ?20n 
m , * V U T iftg 1 X 1 0 1 8 c m - 3 ) £ft jf t fc £3: 

orwr. ^^/wfcLTGaNSrm^rv^. ^fc. 

07tCi3V^T. 5 0 0*±2iX7cmT-XfXT*S. 
40 [000 5 3 ffift«i*III-VftftfrtlMmi*t 

tt!KM3 0lJi<S0AlNffi>BA^A'y7rJ|3 

0 2 (!K§2 0 n m), G a Na' 7 y y M 3 0 3 (JK¥3 ju 
m),Al NPIH304(i53nm),GaNf^^ 
JB 3 0 5 ( im 1 0 0 n m ) ^ t, =Cc I H F E T # 

(Electron. Lett. 3 1(1 995)1 951M). 
=3:i5. K8(Ci>UT. 5 0 0l±2<^ : r^TftS. 
[0006] 

50 «t-5t. f-^*;PJBfc LTHRtffl^^n^GaN^ 



(3) 

3 

7#i(jj&ti. urajK** i x i o 18 cm ^m^iz 

tij2 0 0cmVVs. ^'JTi(U£#lxl0 17 cm 3 
^^oOcmVVsT'^l S i C^rfc'^ 

(i. GaAs^HFETtfflV^GaAsft^ 
[00073 it, tfjfBGaAs&HFETTfi. EfBfl 

+**jwmmb tx. x *)n^mu$Lcnxz% i n c io 

aAs^A 1 GaAs/GaA s #ffit#A^& ■! 

[0008] vfrL%&e>^ mitmmu-vis&Mi* 

VWC\ GaAs^HFETWlnGaAsft^JI 
<&J:o£^iIlft-C*£vn InGaN 

[00093 L4>im. ^-^ffi^^Sr^S I 20 
nGaNif^W^^il GaNff^MD 

[00103 *zx\ ^mwmmi. msMtt<Q*§ 

— =Qrl nGaN^Mi, *t*/«*»»*0>;£ 
fcSHfcft^IH - V^^T^ft^if ££t*f £ .1 t 

[00 113 

[0 0 1 23 ifif*3Hl^>«fflWffifl:ft*lll 
- VEftfrtS^ttSSEHL I nGaNH^ I nG 
aNft^»\ GaNiSitfl nNtH^ntG 
aN/I nN^^lUM^ntV^^t^fc 

[00 1 33 £^f8^1<0£WCii. iijfil nGaN 
■?-**/W«£rJJ&GaN/l nN^J:l;Ml^ 
fii£###J^&I nGaNff^HMt 

HFET£H^T£S ft 

[00 143 I n G aNflg£. GaNfc^I nNH 

-£fi«C^ U^r. InGaN|g«» 
^-fll-C*. GaNiOtSaK^S^I nGaNR 

[0 0 15] frfc. G a N.htC, nGaNj&£]£ 
£<0X*/P*-£j;oT I nGaNJK^ffi 

5. 50 
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[00 1 63 **:. ilt*H2<3!MKi. ISSE 1 fcfB« 

GaN/I nN^Jf|g*\ 2*fjy±<9G a N/ I n Nfl§i& 

tttitet LtVS. 
[0 0 17] ^£0|§^2c^HgT'ii. GaN/I n N 
£MR£. 2»lSLb«)GaN/I nNaHrCHftfttfc3&» 
M^X*/Mf-£J;r)ffi«T^ I nGaNfH 

9*£&HFET£|£ST'£&. 

[00183 m$m3<&mi* w&mttiii 

X, ±JSGaN/I nN», ^OTWFWFffi 

C^&iot:. GaNk I nN^BJfJt#£3£$*lT^ 

[00 1 93 .I^^^3i7>^BjJ*Cti, GaN/I n N 
^JilOT%iBW^, InGaNftW 
IBrtft^^RfcHtt^idt:. GaNk I nNcom 

[00203 JOJUMWCli. GaN, I nN. I nGa 
NCOiiDf^lS^F^gt^r, aGaN, aioN, ainGalth 

"n\ ainGaK — aGaN( 1 + f GlnH hlnN/(GGaM hGaM 4" 
GlnMhlnll)] — ainN[l — fGGaN hGaN/(GGaH llGaK 

+ GinNhmN)] tft&XotZ. GaN, I nN<OJg§£ 
tfett»<shear ■oduli))T'£>&) 0 

[00213 tfz. n^4nfflfr^immii-v& 

it£fy¥mmimZ. I nGaNH« I nGaNf 
^WBtf, A 1 NiUtfl nNTflllft^ilfcA ! N/ 

[002 2 3 Z\<VWfc&A<r>m\X\$. InGaNft 
A 1 N/I nN2>mM&).k£Jffi£tlZ^& 

*0>*SJL J:9*£&^&£*Tr&HFET£ 

[00233 A 1 N/I nN^KOll;, InGaN 

GaNjiOt^idJ^^^^I nGaNft^S 

[0 024 3 A 1 N±t. ffl£I nGaN£j££ 

L^^t:<i, lOX^^-tiot I nGaNj£<7) 

mA^mm-^cch-t. GaNiofc^aftaftSfiT-r 

[0 02 5 3 ifc. fa#Jfl5^TOu tfc£JB4CEa 
Vftfk^HjWi«gSt:*5V^T. bid 
AlN/InN^»\ 2W£Lb9A 1 N/I nNflBS 
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[0 0 26] ^m^5(nm\XU. AIN/InN 
%mm\ 2*tJ2Lh*>A 1 N/I nN«j£rfl||fe$*lT 
V £^X*;Mf-£i:9&«T'£. InGaN 

[0 0 27] It^60>aflW±. f8*3B4*fcli 

X, J:£AlN/InN#MM»i. 

JJE I n G a N f-v ^/PJB^ffirtlfrf £ft i: N t 
fc&£«k?fc. AINtI nNfiO^lta^SflTV* 10 

[00283 C^lt^6£0^T-*i, AIN/InN 

ffirtffi?5»fcHtfc=fi:*J;afc* AiNfcinN^l 

[00 29] MttWKfcL A 1 N. I nN, I nGaN^) 

ffift#H^E8E£\ aAlN , ainN .ainGaK t Uc^q . 
ainGaN^aAlN (1 + fGlnN hi nN/(GftlN hAIN + G 
InNhln»)] 20 
= ainH [ 1 - f GAIN /{GaiK hAlK + GlnN hlnN) ] 

fc^rSi^t:. A l N, I nN<o®g#2W>£>irO*& 
( ~ flite fM^L hfcUM. Gti(shear modul 

[00303 m&R7(?>%ffl^ InGaNH 

I nGaNft^Hh, m'jI^COG aN£>£Ui 

[00313 Z0>m&i70>mm^ *wmfc lt 

Art^WGaNfc&Mi5^7H'j£JM=:J:£GaNgR 30 

[00 3 23 -e^Siti. A^?&s^tiJ§*RiO±fc:, 
I nG a *7:MTai«$r 
fc'^_btC I n G a NR£|££ LfcBfrcKAT . I n G a 

[00333 ifc, |»*«8(^MB«. InGaNH 

I nGaNf-v^;H*\ A 1 1 G a y I ni-«-,N 
(OSx^l ,0^y^l)R^±t^j££;hJt^-7 4 
XUr^^yhJBfiOitmSKT^SClkSIWtt 40 

[00343 Z\<r>W&&&<r>$&t&*. InGaNff 
^HB*fAl,Ga,Ini-,-j{0<x<l, 0<y< 

fc#jSS*rO*S. iOj^fc, «t I nGaNff 

-TfctcioT. 3»C?cfi^R^lfifi*2aScftWrRW« 

fkiZSEl&ZkifiimkHi:*). lnGaNft^;^ 

[ o o 3 5 3 i fc. 3fcCT9<o»toL iil^JfiSi;:^ 50 
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emfoWkin vm<t^¥mmmiz&^x. 

7a';r7^yhiA\ L i , Be,Na,Mg,K ( C 
a,Zn,S,Se,Te^^^<Hl -?T1*J££ 

[0 0 36 3 ^<Oi»*]H9<0»WTti. v-yiMT 
9?>hmi>\ Li.Be.Na.Mg.K.Ca.Zn.S, 
S e . T e <T> 0 1 1> 1 -Tdt£3*lTV*£*» 

[00373 =Ms, t^^x'jr^^yhS^si, 

Ge*r£TNtJfc«i:, 3<)DcW^R^ftS*fl»r«. 
[0 0383 ifc. H^JaiO^^i. Il*«8ifc 

tt9tiea<oaflsiii^iii - vmit^^mmmizx 

HT. ±Jd^-7YX'JT^^yh^c^®«[»^l 
[0039] £<?5f$|c3l 1 O^t^T'ti. ±1^-7 4 

[0040] *r-y 4xvT7?yvm<ry$m& 

mm&ltmt&t. ^It^ilSInGaNf 

[004 1 3 ^I^^T'ii. InGaNHt^/^ 
fc LTfflWC^Stf. £ilttfflj£#^>*^I nGaN 

H-ewur in. 

[00423 ^tfOidfcUT. MM^I^GaNj; 
9t>$3ft&#*^I nGaNR£fc&Cl 
0. Z\cr,i nGaNR£^*/PJgfcLTffl^£«rfc£ 

[0043] 

[0044] tminmifccni&m^miiz, zcrmm 
m i <?mk<m%x'hhmm?k\\ f eto«s**-t 

[0045] CKOSm^HFRTJi, (0001)t7 
r-fTSfel 1 , R^2 0nmi0iaa^^A 1 NA^7 
r*12, ^r J rUTeRJg5X 1 0 16 cm 3 ,R^2//m 
^ryK-7*GaNA' 7 7T^l 3. ll?20nm/2 
Onm, 5l3«|C0TyK-rGaN/I nN^iil4*>' 
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MKJPl 0 nmtOI no. zGao.sNf^^Hl 5. 
*x>jrm%.5x 1 0 16 cm 3 ,J&51 Onm^TyF 
-7GaNX^-tf 1 6. ^'JTiR£2x 1 0 18 c 
m 3 ,ff 3 0nmC?)nfGaNKt-Il 7. Pt/A 
uy-hfttl 8. Ti/A 1 y-X/KMy|ftl 9 

tfmdmmzux^h. 5oti2&7cmT#xr 
[0046] zcnx ^mmmzm&^zKiM&m. 

^£tLTH MOVPE&, MBEamffl^S 
MOVPEMl^. MOVPEaWu-trXJi. 

t o o 4 7 ] t-r . *mmmm>x\ mwl i 1 

1 1 oortiux. m8L?v-~>y* 1 O^HS^ttfr 

v7rJii 2 mu i^«ag£ 

1 00 01Ct3S5gL. GaNA' 7 7r^l3^^ 
fc. f>&. 700U'GaN/I nN^JHl4 5rfi£ 
l«M7 0 0X:tI nGaNft 
1 5 ^<0_b7)G a NX^tf 1 20 

6,GaNHt-f 1711 ^fifflJS^ 1 0 0 OTCiT" 

[ 0 0 4 8 ] Z\ (OidlUBffifO&fMt^H F E Tfc |^ — ^ 

&^KJ&8 0 0c m Ws*5 Jlf 7 7 K 
tt^^i&m 1 2 0 0c mWs£il!gL£u 
[0 04 9] ClcO^Sjy^ST'ti. y-F£2£ljum, 
y-Xh'l/>fy^$:5j(im^HFETf:L, ^CO^ 

x-18GHz, h7>^yO^yXg.-150m 30 
S/mnu SJK2 5 0rtlfc^T. g.-lOOmS/m 

[00 50] InGaNft^Hl5t^ 

^T, m:%m*mfmax =1 5GHz. b^VXU 
>y7?>Ag»=l 20mS/mnu ffl«2 0 0m 
^T. g.-8 0mS/mmt^)^. Ltltfr>X . ^<7) 

WESTS*:. r^SfcJf^rm. SAiW^SJ^ti 
3 0 0ttf)o^„ 40 
[00 5 1] r^F-n nGaNft^/Hl 5(0^ 
**)Tm8Lt^m>mX, *Mtl. 4X10" cm 
- 3 t6 00cmWst=Cc-oTfcO. *com^i&J& 

[0052] d^)^ttJg»cOi:ot:. GaN/I 

nN^JHIRl4tfO.KCl£^$«:I nGaNf^M 

i mm>&t, \mmtLXGaN;\*y7Tte\ m 

±te«JtML^I nGaNiH-*/l^J££&&tHt 50 
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KUfc. *<Ol63L ^£7>5mB®tfOGaN/I nN^M 
Kl4_bf7)I nGaNft^il 5£0^id^ti. ±l£ 
JttS^jiOGaN^KiiiOI nGaNf-^^^^idJg 
^2fST'£>o£. ClfUi. flflt^GaN/I nN| 
14£fiUflLfc<Tfcfc:J:->T. £«1 lcOMA^Ofc 

I nGaNft^Jil 5*im~C$t:frt>X'bZ>t% 

[0053] itH2v>m&c7)Bm) mz, c\mm>m 
2mmm±, gn^-tGaN/i nuzmmim 

tfnflte I nGaNf-p*^Jgl 5c0ffif*lJ&^£ 
at35M8tT6J:3t:. GaN/I nN^J|I14WG 

[0054] ,1 <?>ldfc#g60 J: ? %mm*Bfcthti 

#>cr>&&fi.MjmtLTlt. MOVPEjJ, MBE££ 

[00 55] £^2 93»mfcH^KM®£fflvvc 
*^a££?To;tl£^ ^St;^tt^^i&J^8 50c 
mW stiitf 7 7 K (*fe^m)^tt&^i()^ 1 2 5 
0 c mW s ^HI2L?t. 

[00 56] .TiOHifc^lg-m. y-hfi$5:l/zm, 
V-XKW yfa&»r£5jum£7)HFET£fmU * 

fiax-20GHz, h^yxnvr^^yxg.- 1 6 

OmS/mm, {3^2 5 0^1^, g.= 10 5mS 

[0057] -^T. InGaNf+^«15t:Jli 
T\ GaN?-^*/I^£$&flL£tfS^-m. £iS;ci> 
HT. &A&fteJSi8E&f»x=l 5GHz. h7VX3 
^mgm-120mS/mm, i&J&200T;£ 
fcWC. g. - 8 OmS/mmT'&ofCo U^'oT, <T 
<?5iaiU»T«fflLfcI nGaNft^ll 5CD&S 

[0 0 58] dC0m2^J^®tCt>^r;i. GaN/I 
nN£MBS14^®fl^7£&£\ InGaNft^ 
SI 5^ffit*lteT£&fc -S^-Siat:, GaN/I n 
N^BBl 4tC*>tt£GaNfc I nNcOS^?:^t 

$*3tdt(C«fcoT, InGaNft^/H15rtt:# 

^fc3bS-C&. iOiW'Sr^JKWAVW nGaNft* 
«!B-C«. $ 1 UttUtm 0 ^iC^fttXS^T'^ 
[00 59] C*3<Oimw>?M3»:t, 6d2t:, i£^> 
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mwft 3 <?>mk<mmv& h wmik hfe T<nwm 

[00 6 0] ^^m3^MU^S^l:ft^HFETti. 
(0001)t7T^7lS2 K U?2 0nm^M 
!GaNA' 7 7ri22, *^UTift&5xl 0 t6 cm 

3 f MS2/ J tmC0T>'H-rGaNy\'y7r^2 3. 0 
J? 2 0 nm/2 0nm, 5^«3^)T> H-7A lN/In 

[006 1] :wryK-7A 1 n/i nN£ 

!g)K2 4^±tC. ^'J7ifi4Xl0"cm-3,|» 
lOnmCOI no. zGao.sNf ^^2 5, ^r^ UT 
igj£5 X 1 0 l6 c m *,mM\ OnmC^ryh'-rGa 
NZ^-tl26, *-vUTMi2x 1 0 18 cm- 3 J 
g30nmWnSGaNHt-l27, Pt/Auy— 

hm«28. Ti/Ai y-x/h*u>f ym«29^ie»: 

[0062] ^<n±otcmmm:m\ttht#><mgA 
zttf-ezh. zcnm33mmmx\±. ^MM-nrnt 

LTMOVPES^^, MOVPE^rn-bX 
[0063] *S#H^T'««2 1 OiSJ££ 1 

i o or^LT. y--^£ i 05>rs)tT'^c, 

M2 1<BiBJK£5 5 0 , CfcS£U ti&At'y? 
rl2 2^IU. S«t2lc^aj&£l00 
OTCC^U GaNA' 7 7ri23^^„ * 
WgL 7 0 O^t A 1 N/ I n N^SJR2 4 * M$ 

££iS£7 0 0rT'I nGaN!25^ 
*<0Jifi0GaNX^-1fB2 6Oj££t« 
10 0 Ot^t'Kf^^fro^, 
[0064] <I^iyj^®^^b!fiB^HFETtN-tO 

&#»J&8 8 0c m VV sisXl/7 7 K (*fe*tiSJ&) fcfc 
tt&^ifc&l 2 5 0cmWs?ri||2L^. 
[0 0 6 5] ^nmmmX'tt., 7"-MI2£ljum f 
7-XKWyfSIE»l£5/zmC0HFET£U 

x=19GHz, h7^3y^^y^g,= 15 5m 
S/mnu fflJS2 5 0t:tti^T, g.= 110mS/m 

[0066] I nGaN^Y*;l^25*C&*. 

^vt. *tfc»(Hraf«x= 15GHz, h7>X3 
y^^^g.-120mS/mm, ;fflj£ 2 0 0 THlfc 
^*C. g.-8 0mS/mmtJ>ot, Lt^T, <T?> 
&35feWMt«fflLfcI nGaNft^S2 5^ 

masti3 5o°cr^o^ <> 

[0067] ifc, .IcomfeB^ct^C A 1 N/I 
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1 0 

£\&mzrfL&Zi£tzl nGaNf^^H^h^ 
JfcttLfc. *C9|S*. ^<0H»»)i^)A lN/InN^ 
«K2 4_t<7>I nGaN^*/Wg2 5^£»JKii. ± 
ldiHW«fi0GaN/<-y 7r*2 3±£g}&&««: I 
nGaNft^H^^l. Iftfth'itz. Ztl 

^fllat^A 1 N/I nN#«R2 4*SfflLfc£ 
tfciot, ^2 1coM^^^'«^L. 

WWWiO^^I nGaNfH 

[0068] £<«328BM-Ctt, h£$1. 

SB2l3BeJBaWLfcGaN/I nN^liH^Ga 
N£A 1 N£&i_T. AlN/InN^R24OT 
Ltlt)*t>. I nGaNft^H2 5t^Tft'7)Jg2 
3 , 2 2 £ Z t tfT$ 

Liztf->T. ~<0A1 N/I nN£Jg&2 4£$Jf| 

Ltz j m3mimmz£ti\i^ GaN/i nN^g§n4 

SrfffflUfc»l.»2HiW«t:tt^T, InGaNf 

20 

[0 06 9] CI84^£fc<D^in ^OftHH^ 

ifeB^i±. ^2t^-fA i n/i un^mm2Aoymn 

& f£&h I nGaNf-r*;«2 SWffirtft^Btfc 
£o£^ A 1 N/I nN£JIj&24cDA 1 N 

[0070] Z<7)£ o *MMm£B&t&fzfr<r)Ui$i& 
£7jt£tLTi2. MOVPE&, MBEMt'»^ 
30 £4:*^*. ^^>»4SaW!l|-Ctt, 
UMOVPEMt^. 

[00713 cifl3»4iafcjMfc H-cojwtagiifli^ 

*-^«£*frofct&*, £iaKfc(t£#i!l&9 5 0c 
m VVsiJ ±1X7 7 K <*femi£)Kfctt&;gifc& 1 4 0 
OcmVVs^Lt. 

[0072] C<0*43aBKBTli, y-hfkZ£lv 
m. y-XKl/>f y[S|^5^m^HFET^ 

Jajfcftf«ax=2 1GHz, h7>X3y^^yxg. 

40 - 1 7 OrnS/mm, £Jg2 5 OTCfcfcWt , g.= 1 3 
() m S/m mt'l)')^. 

[0073] -^f. InGaNf+^|2 5tSi 
GaNf-r^H^«fflLfclfcttMT1i. MStCiJ 
&*&i£Eifc&f»x=15GHz. h^yX3 

y^^yxg, = i 20ms/mm, aj£2 o OTCtfc 

^*C. g. - 8 0 m S/mmT'l) o/.\ Ltztf-oX* Z<7) 
Wtf&%Xm\l-tz I nGaNft^/H2 50#I$£ 

(i, 3 8 0^C-C*>-?fc. 
50 [0074 ] Z<n%A mffimz&\rz\±, A I N/I 



(7) 

1 1 

M2 5 CDMttft f 'AL&t X 0 fc . A l N/ I n 

H%mm.24(nA l Nt I nNOJgJ?£*fe6£„ ±M!M 
ftm-imcO-mz£->X. InGaNft^/H25 
fil;:#£^£M£'K*<U 3Hz£^X5\$&c\2il.Z> 

tmm^ A l NJiiH&fiL£A l N/I nN^JffK2 

[0075] CftScrmffiB^ g3{3. 

5C0Htt^©-C*^^%mH F E TC0«^£^ 

[0 0 7 6] ;0#5£t^@^MMMHFETtt. 
(0001)GaN|E1S3K ^UTM5Xl0 16 c 
m- 3 ,Ki2jumW>K-7GaNA' 7 7rl3 2. 
S5J?2 0nmiOryK-TA 1 NH1I33, &® 1 5 
nmOTyh'-TI nGaNft^Hg34*^Mi 
$iXXV^ B ^wr^K-ri nGaNf^ 

;U«34^±tC. ^r-v'JTig J S5xi0 1 7cm-M^ 20 
3 0 nmtOS i K-rGaN^rT 7 7*13 5. Pt/A 
uy'-Mft36, Ti/A 1 y-X/KW y^ffi37 

[ 0 0 7 7 ] C<0 J; ? &iRfci£^ilif££/i1£i: LT 

iz.mimimmtmmz. movpe&, mbe^ 
[oo78] c\c?>mmjmm<D , gfc'fo$kHFRT tFi 

i>*i&f£il£9 0 0 c m 2 /V s i> J: 1/7 7 K (***J}SJ&) 
KiSit&^g 1 3 0 0c m W s tt&Ltz. 30 
[0 0 793,1011^®^, y-h£££l/xm, 

y-xnw ypgim^BMincoHFETt u 

x=19GHz. V7>X^y?9 9>X&m= 1 5 5m 
S/mm, fflJ^2 5 0T:tCi>V^T. g.= 110mS/m 
mT'£>->£. — A\ ryH-7I nGaNf^^/H3 
4tzmtX. GaNf-**;Wg£flUHLfc^fc:fcL £ 
at:m,fA^«[l5(fBx-l5GHz, 
yxay/;^yXg.-l 2 OmS/rnm, ;fij£2 0 0 
TXfcWC. g, = 80mS/mmtJ)o^. 40 

[0 080] mb<rmtonffl&)mz, 04 to. z<r> 

[008 13 ^^ellSt^McO^^HFETti, 
(000 1)GaN7f7/^SS4 1 . ^-V U TiftjES- 
5X1 0 16 cm-MP2^mW7y^rGaNA'.y 
7rl42, Jg^Onm^TVb'-rA 1 N($«£Jg4 
3, WkWl 5nmWyK-7I nGaNf^-^4 

4#ji<miw3*it^$. 

[0082] ££>t. nGaNf-r*/Hg4 4cD 50 



^2000-1 96067 
1 2 

±fc. ^'J7&&5x 1 0 17 cm-3,ill0nrai7) 
Sih'-rGaN^-/r|4 5, Pt/Au>-'-M 

i4 6,Ti/M y-x/ vuH yg&4 7 tfm<mm 

[0083] ±£(0 0 0 DGaN7f7M^i«4 
lWWSarfc-fcl/aL Jpn.J.Appl.Phy 
s. Vo 1 .36(1 9 9 7)8 9 9M£WmZtl*lim 

j&Liztkimjmmtmutz. movpes, mbe& 

[0084] i£0Hife^©^<tiftfmHFETi;N-O 

&#i&&8 8 0 c m VV s *UtX7 7 K (*WlSJ^)Ci> 
tt£#i!lJ£ 1 2 5 0c mVVsSriglgL*:. 

[0085] z\commmx'&. y-h&zzium^ 

V-XHN MaBE»£5jtzm£7)HFEThU -e<7*8 

x— 1 9 G H z . h7^3^;yXg.-155m 
S/mm. fiJ^SOrCrfcWC, g.= 110mS/m 

[0086] _LiEI nGaNf^^i44fci 

m,^^S»fKx-15GHz, h7>X 
3yr^>Xg.-120mS/mm, aa&200rtC 
fcWC. g.-8 0mS/mmt^)-o/":« 
[0 087] C^7£0^Sfc^®] act. @5fc. Z\Oy% 

m<r>mcnm^commxh^itm^u f e r^wm* 
[0088] zcommmzmnmim&HFET^ 

*r?T4TW6L5l^ KJ?2 0nmfiDTyK-TGaN 
ffiia^y^r^52. 'JTiBJgS x 1 0 16 c m 3 , 
Mlyimt0TyH-7 , GaNA* 7 7r«5 3, 

o. ^3<»\,'\m^ii>L>ti:h*r-y ixvy?9vym 
^4immm^ixx\^h. 

[0089] £t>\Z^ Z<ry+r-7 4MT9?>Vm5 
4^Jit3. |5g3 0nm^7yH-7I nGaNft^ 
/^55. *-\->JTzftJ&5x 1 0 17 cm- 3 ,H^l On 
m^SiK^rGaN^-y/iSb. Pt/Au>-*- 
Mift5 7. Ti/Al y-^/KM yM583&«JKJc 

[00 90] ^m7|lifc0®T'li. RF MBEfct 
.fJKlMfcfWL*:. RF-MBE^Tu-feXtfJil 

[009 1 ] iftfiiOC MQ.tpXmLS 1 <D#j&£8 

o or(ctx. wsl? i om^ . & 

&K5 l<aifl*£5 5 0T;icS£U tSW^ 

^777)852^^, act. s^^/hhbw 

L£#*>Mu«£7 50-C^T'Ji^L. GaNA 7 7 



(8) 

1 3 

Tm53£&L£Uz a -eLT. <r<9GaNA-y7rJg5 

3*je^$-frfctt, mm.zeoowzms.L. li 
e-A£mtu mt^mmmt^tid^z^ rh 
e e d c&ara«7fftiii«r) o^iswfli^^- >zm 

V^THSLfc. <1^0rM£7mffi»aW. RHEEDCO 

JK6 0 0TTC. InGaNf^^)|5 5^^^ 
fiftfc. ^^£7 5 0r*T^t(f£#^ GaN* 

[0092] C^*7gOfcJB»0®fl:ft*HFETi:H 10 

*3tf£^i&&8 0 0c mVVsfc J: #7 7 K (ttft&JK) 

[0 0 9 3] ^^^IfeB^T'ii. y-f£££ljum, 
V-XHW V|3flW£5jLtm£>HFETfcU 

x— l 8GHz, h^yxayy^^yxsm = \ 55m 

S/mm. S^2 5 0'CtZfc^'C, g.-105mS/m 

[0094] ~\ftf, I nGaN^-r^;U^5 5tC^i. 20 

Wt\ lfc^&Sa»»f»ax=l 5GHz, 
W^^g.= 1 2 0mS/mm, iaj£2 0 01Cfc*> 
g.-8 0mS/m rnT'£>^/e„ Lfc^T, ^<7) 

[00 9 5] 3r±>. ^&7»SJBSrC(i. 
>)T77>bm54tLX. mtmo. 3 30LiSf 
£JflWfc#. ^ilJ^^S^lWT^Be^Na.M 30 
g,K,Ca r Zn,S,Se,TeiK^$:M^Ti,R«^ 

[0 0 9 6] JJB»l~B7ie^!f-T1i. 2&7C 

h7y^(HFET)kU3&\ &^mb&h7> 

i;*? (h e mt) ,n xi^m^-mm^mh yy 

[0097] 

W>Sfctt*III - VfcittrVtr&WJk&U. InGa 40 
Nff^«GaN/I nN^mi^JitcmL/^ 
«j£#ffc&^-£ I nGaNft^/HMt^ 

[0098] I nGaNiJ, GaNti^I nNH 

*-£M*rt'£. InGaNK«^MT' 
GaNiOt^lJg^^VU nGaNR^T 

[0099] &tz. i$£m2cr>m\&. ifcJcJS 1 50 
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1 4 

^Sft1Wlll--VKfl:^1lfW«E36Stfc^T. ±£ 
GaN/I nN^iU, 2#ULb?)G a N/ I n NflUt 
Ttt*Ub&^ £c0x*/Mf-£J: OfiMT'^. I n 
GaN***/U»fl«jfc*tf|S£J; O-JHi^-ftT^. m 

[oioo]^, a«3B3<?>»BWi. m*Jli ifcli 

GaN/I nN^^O^ffijrtfST^^'. I n 

GaNft *)vm<rmp\m-mLtn uz%&± o 

GaNt I nN^^Jt*^^$ixTV^„ L£#o 

[0101]**:, it«4^H^^l:!H9^III-VK 
^^Wi+^ISti. T nGaNff^/l/)iA\ A 1 N 
/I nN%mWD±_lzBtfi2tlT^Z>frt>. 

HFET iSWCS & . 
[0 1 0 2] A 1 N/I nN^JfRfi0±t. InGaN 

InGaNf^^HiOM^^Mt 
GaNiOt^^^InGaNff^S 

[0 103] ifc. ff^BS^^ti^ |fr#H4fca!» 

«o£*hwiii v mitwn f-&fa%n iza^x. ±m 

A 1 N/I nN$mffi)K 2*tJa±cOA 1 N/I nNflUI 

I n G a Nf J: D-i^ fh 

Uc^T, m^F^itl^lO^^^HFET 

[oio4 3 ttz. m^mecomte. n*m*fz& 
_tieA i n/i nN^JBJHOT^rtw^sak* 5 . 

A 1 Nfc I nNCOmm\t^n.^ttiCOX\ i^x^ 

[0 10 5] a^S7^9lii. InGaNK 

I nGaNft^St, M'H^COG a N&£V*ii 
5f5Mfit X NM?£*TOh LTffl^fcG a 

[0106] £0>i9#Jfl7O3BW-Cli. SKttR*: LT 
;\';I^C0G a N£>& t ^ii 7 T7;H£Il: X h G a N^IB 
£m^ti<7)X\ JitH'yt«^;^HfijS«6*3&sS A* 

fcfc&<£*. Art,7&$V*iM&D±fc. InGaN 

CInGa NR^f(£ Lfc^fcJtAT JnGa NRP 
J: 0 %^&MM<o4#gt iJr* *T . mLftW>Wl - 

[0 107] ifc. m*JH8^TO. InGaNft 
^HI^'A UGaj I ni-i-y(0^x^l , O^yS 

CJB^iiTV^. c:^J:-5t. Met I nGaNft 



1 5 

^mmu-vmit^mm^m^^x, 

yiAVTPfyhmtf. L i ,Be,Na,Mg,K,C 
a.Zn.S.Se.TeOoW^tUotfl!^ 

[0109] z*>m$m90>ffim±. t^a'jr 

??yhJg^\ L i,Be,Na,Mg,K,Ca f Zn,S, 
S e , T e CO 0 hCT&tc < t £> 1 -;T'fi*Ji££*lT 

[0 110] SriK ^-7 4 *»JT??>^£S i , 

[0111] ifc. t££Jgl 0£O^B«±. f££JB8£*: 

[0 1 12] ^<0*WCI4. InGaNHt^m 

<7)#Hj&A\ G S iN<7)m>%.£ >r )l>ffilX^Z>frt>X'$> 
tfz, In.Gai-.N^t Ult X>0O& 

mxhtiiix^. 

[0 113] Z\<7)£oizLX. MM^v^GaNJ: 

mitswmtt&mzmix'Z h . 

[03nOM*$:lM] 

[Hi] ,r ^hom-smi 1 1 - vmtiswtmfa 
m2i z 3 %wmn hfe t^s^-as 
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1 6 

[ 0 3 ] -^Hj]^)^ 5 F E T£7)S?« 

[0 5 J ^ CO^HJj^m 7 ;£fcJB®0 l i F E TOlfflJI 

[06] fiaW5GaAsjfiHFET««BS«:^taT 
**. 

[07] G a N^H FET0M*m£^-tmX't>&. 

10 [08] GaN^ffi^HFET£^fcfiH|^^0T* 

[09] G a N fcrfc Jt** * »J Tiftgi: gftfrffOHft 

H-(000 1)t7T^f7^lR. 12-ttiKfiAl 
NA'7 7rl, 13-TyK-7GaNA' 7 7rS. 1 
4-ryh'-7*GaN/I nN^g. 15-TVK-TI 
nGaNft^H, 1 6-7VK-7GaN^-t 
-H. 17-niGaNKt-l, 1 8-y-Mtg. 
30 i9-y-X/KHV«B, 21-(000 1)t7r 
22-iSSWfiGaNyW7rl, 2 3 - T 
yF-7GaNA' 7 7rS. 24-A 1 N/I nNl, 
2 5-7VK-7I nGaNft^H, 2 6— TVK 
27-nIGaNFt-^ 

2 2 9-v-^/Ku>f vms. 3 1 

-(OOODGaNit, 32-7>K-7GaNVN''y 
7t^, 3 3 -7yK-7 A lNKM^. 3 4 - TVH 
-7InGaNft^;H, 3 5 — S i K-7GaN^f 
w7m. 3 6- "Pt/Au>-'-hmffi. 3 7-Ti/A 
30 iy-X/KW>^ft. 41-(0001)GaN7f 
5A<j£££«, 4 2-7>h'-7GaNA'7 7rl, 4 
3-7yh'-7AlNHIJg. 4 4 --7yF-7InG 
aNf^^HB. 4 5-SiF-7GaNJf+77i, 
4 6-Pt/Auy-MS, 4 7-Ti/A 1 y-X/K 

w>-ms. 5i-t7r>f7i«, 5 

GaNft8tK*y?rJB. 5 3-7yK-7GaNA 7 7 
rig. 54 -f-7>(X'J77^yM. 5 
—7*1 nGaNft^/H, 5 6 — Si h'-7GaN^ 
^771, 57-Pt/Auy-hfft, 58-Ti/A 

40 1 y-x/Fu-f y^ffi. 
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BB04 BB16 CA07 DA53 HAG6 
HA07 

5F102 FA02 GB01 GC01 GD01 GJ04 
GJ10 GK08 GK09 GL04 GL08 
GL09 GM04 GQ01 GT03 H001 



